The class of Independent, Increasing, Free-Choice Petri nets (II-FCPNs) was introduced in reference Sre97c], where it is shown that any II-FCPN can be made live via supervision using a readily available policy. In a live Petri net (PN) Pet81, Rei85], it is possible to re any transition from every reachable marking, although not necessarily immediately. In this paper we identify a class of PNs, where every transition is controllable, that are not necessarily II-FCPNs, that can be made live via supervision using a readily available policy constructed from the policy that enforces liveness in an II-FCPN.
Introduction
We consider Petri Net (PN) Pet81, Rei85, Mur89] models of Discrete Event Dynamic Systems (DEDS), where every transition is controllable, and we concern ourselves with the property of liveness in the PN models of DEDS. A PN is said to be live if it is possible to re any transition from every reachable marking, although not necessarily immediately. In general, investigating the existence, and the synthesis of such policies can be computationally expensive Sre97d]. However, in this paper we show that if the Free-Choice Equivalent Sre97b] of the original PN belongs to a restricted class called Independent, Increasing, Free-Choice Petri nets (II-FCPNs) Sre97c], there is a readily available supervisory policy that enforces liveness in the original PN.
Section 2 contains the notational preliminaries. Section 3 presents the main results of this paper, and in section 4 we conclude with suggested future research topics. (1) where x := fy j (x, y) 2 g, and the symbol card( ) is used to denote the cardinality of the set argument. This notation is also used to denote the predecessor or successor set of a set of places or transitions. A collection of places P is said to be a siphon (trap) if P P (P P). A trap (siphon) P, is said to be minimal if 6 9 e P P, such that e P e P ( e P e P ).
A string of transitions is said to be a valid ring string starting from the marking m, if after the ring of each transition in the sequence denoted by the marking remains non-negative. The A supervisory policy P:N n ! f0; 1g m , is a total map that returns an m-dimensional binary vector for each reachable marking. The supervisory policy P permits the ring of transition t i at marking m, only if P(m) i = 1. A string of transitions = t j 1 t j 2 : : :t j k is said to be a valid ring string under the supervision of P starting from the marking m, if (i) the transition t j 1 is enabled at the marking m, P(m) j 1 = 1, and (ii) for i 2 f1, 2, : : :, k ?1g the ring of the transition t j i produces a marking f m at which the transition t j i+1 is enabled and P(f m) j i+1 = 1. The set of reachable markings under the supervision of P in N from the initial marking m 0 is denoted by <(N; m 0 ; P). A transition t j i is live under the supervision of P if 8m 2 <(N; m 0 ; P); 9f m 2 <(N; m; P) such that t j i 2 T e (f m) and P(f m) j i = 1.
A supervisory policy P enforces liveness if all transitions in N are live under P. Reference Sre97d] presents a necessary and su cient condition for the existence of a supervisory policy that enforces liveness in an arbitrary PN. This condition is untestable in general, but it is testable if the PN is bounded, or, if each transition in the PN can be prevented from ring by the supervisory policy. Testing the existence of a supervisory policy that enforces liveness in an arbitrary, bounded PN is at least PSPACE-complete Sre97d]. The class of PNs we consider in this paper are not necessarily bounded, but we assume each transition can be prevented from ring by the supervisory policy.
The class of policies that enforce liveness in FCPNs is characterized in reference Sre97c]. This reference also introduced a new class of FCPNs called Independent, Increasing, Free-Choice Petri nets (II-FCPNs), and it is shown that any II-FCPN can be made live via supervision using a readily available supervisory policy. We now present the de nition of II-FCPNs.
For an arbitrary FCPN e N = ( e , e T, e , f m 0 ), an Independent, Increasing siphon (II-siphon) is a siphon P e ( P P ) where 9 T P such that (i) T = T P, (ii) 9 t 2 T, such that card(t ) > 1, (iii) the FCPN induced by the set of places T, and set of transitions T, is strongly connected, and (iv) there is at least one token in T at the initial marking. The set of transitions T is called the critical transition set of the II-siphon. The FCPN induced by the set of places T, and set of transitions T is referred to as the strongly connected component of the II-siphon. Since the PN N and the FCPN e N share common places and transitions it is necessary to de ne the following sets to eliminate any confusion. The symbol ( p) N denotes the set ft 2 T j (t; p) 2 g, and the symbol ( p) e N denotes the set ft 2 e T j (t; p) 2 e g. In lemma 3.4 we present a property of a supervisory policy P : N ! f0; 1g card( ) , to be used on m 1 ) ) under the supervision of e P in e N and e 1 j T = e 2 j T . We will show that if ( (f m 0 )) ! e 1 ! ( (f m 1 ) ) under the supervision of e P in e N, then (f m 0 ) ! e 1 j T ! (f m 1 ) under the supervision of P in N. This observation is established by induction on the length of e 1 j T . The base case is established when e 1 j T is empty-string. As the induction hypothesis assume the above claim is true for any e 1 j T of length less than or equal to n for some n 2 N. For the induction step let ( (f m 0 )) ! e 1 ! ( (f m 1 )) ! e 2 ! ( (f m 2 )), where e 2 j T = t i , t i 2 T. Since m 1 ! t i ! m 2 under the supervision of P in N, we infer the existence of e 2 such that (m 1 ) ! e 2 ! f m under the supervision of e P in e N where e 2 j T = t i . From lemma 3.3, we infer the existence of e 3 such that (m 1 ) ! e 3 ! ( (f m)) where e 3 j T = e 2 j T = t i . From the construction of e N we infer ( (f m)) = (m 1 ). Hence the result. |
The following theorem establishes the fact that the supervisory policy P enforces liveness in N. In a live PN, it is possible to re any transition from every reachable marking, although not necessarily immediately. In this paper we showed the readily-available policy that enforces liveness in the equivalent II-FCPN can be e ectively converted to a similar policy for the original PN that is not necessarily an II-FCPN. As a future research direction we suggest investigations into other classes of Free-Choice equivalent PNs for which there is a readily available supervisory policy that enforces liveness, and an investigation into procedures that convert these policies into a corresponding policy for the original PN. We also suggest identi cation of structural conditions of the original net that imply the converted FCPN will be an II-FCPN as an additional future research direction.
